Analyzing for co-localization of proteins at a cell membrane.
Cell-to-cell communication is mediated by molecular interactions at the surface of the cell by soluble ligands released from distant cells or by cell surface molecules on adjacent cells. These interactions lead to activation of intracellular signaling pathways that subsequently can lead to activation of specific genes. This signal transduction process controls cellular activities as diverse as proliferation, differentiation and apoptosis, so we must understand the underlying molecular events in detail in order to understand broader questions related to development, uncontrolled growth in tumors, tissue regeneration and use of stem cells to name a few. Binding of a ligand in the extracellular space to a transmembrane receptor constitutes the first crucial step for activation of a signaling pathway within the cell. This binding can either lead to oligomerization of individual receptors, to reorganization of existing clusters of receptors or to changes in the protein conformations, which in turn results in recruitment of signaling molecules in the cytoplasm. While different membrane receptors activate different downstream signaling pathways, some receptors can activate more than one pathway and a particular pathway can be activated by different receptors. It appears that these processes are regulated either by agonists and antagonists in the extracellular medium, by receptor-receptor interactions in the membrane or by a number of signaling mediators in the cytoplasm of the cell. Our work has focused on understanding how the intermolecular interactions in the membrane can control the signal transduction process: Are there specialized structures on the surface that facilitate receptor-receptor interactions? Do the receptors exist as monomers or pre-existing complexes that enhance the probability of activation? Do different receptors associate in the same domains or are there distinct organizational principles for each receptor type. In order to address these questions, we seek to develop tools that allow us to examine intermolecular interactions and reactions directly on the cell surface, particularly on live cells in culture or in tissue. This review discusses some of the approaches that are currently available and highlights some of the key advantages and disadvantages they represent with particular focus on image cross correlation spectroscopy as a relatively new quantitative tool developed by us to address some of these issues.